Background: Schizophrenia (SCZ) is a common mental disorder with high heritability, and genetic factors play a major role in the pathogenesis. Recent researches indicated that the CACNA1I involved in calcium channels probably affect the potential pathogenesis of SCZ. Results: In this study, we attempted to investigate whether the CACNA1I gene contributes the risk to SCZ in the Uighur Chinese population, and performed a case-control study involving 985 patient samples and 1218 normal controls to analyze nine SNPs within the CACNA1I gene. Among these sites, six SNPs were significantly associated with SCZ in the allele distribution: rs132575 (adjusted P allele = 0.039, OR = 1.159), rs713860 (adjusted P allele = 0.039, OR = 0.792), rs738168 (adjusted P allele = 0.039, OR = 0.785), rs136805 (adjusted P allele = 0.014, OR = 1.212), rs5757760 (adjusted P allele = 0.042, OR = 0.873) and rs5750871 (adjusted P allele = 0.039, OR = 0.859). In addition, two SNPs turned to be risk factors for SCZ not only in the allele distribution, but also in the genotype distribution: rs132575 (adjusted P genotype = 0.037) and rs136805 (adjusted P genotype = 0.037). Conclusions: Overall, the present study provided evidence that significant association exists between the CACNA1I gene and SCZ in the Uighur Chinese population, subsequent validation of functional analysis and genetic association studies are needed to further extend this study.
Background
Schizophrenia (SCZ) is one of enigmatic, complex psychotic mental disease that characterized by abnormalities in the perception or expression of reality, causing a substantial burden on patients and public expenditure [1, 2] . The lifetime prevalence of SCZ is generally estimated to be 1%, and genetic risks account for up to 80% occurrences [3] . This chronic disorder poses series of typical manifestations resembling auditory hallucinations, delusions, and behavioral dysfunction [4, 5] . A lot of crucial developments in neuropathology, epidemiology, and medications are emerged, triggering better identification of etiology and effective therapeutics. Analysis of the genetic epidemiologic in family, twin, and adoption, the conclusion suggest that hereditary loci for which linkage to the SCZ play a critical role in the development of the disease [6] .
With the deepening research of gene detection and disease mechanism, CACNA1I (calcium voltage-gated channel subunit alpha1 I) has been identified as a candidate gene for SCZ. Recently, a primary GWAS conducted by the Psychiatric Genomics Consortium-Schizophrenia Workgroup (PGC-SCZ) has made encouraging progress in identifying genetic susceptibility loci, and the CACNA1I gene is reported as a new locus for SCZ in Caucasian [7] . CACNA1I is located at 22p13.1, spanning about 118 kb genomic region, and consists of 38 exons. This gene encodes Cav3.3 isoform that contains a pore-forming alpha subunit, and the coding product of CACNA1I is a member of lowthreshold (T-type) Ca 2+ channels [8, 9] . The CACNA1I gene is abundantly expressed in the thalamic reticular nucleus, and delineates the distinctive physiological properties of neuronal firing [10, 11] . There are three subtypes of low threshold voltage-activated T-type Ca 2+ channels have been implicated and designated α 1G (Cav3.1), α 1H (Cav3.2) and α 1I (Cav3.3) by previous reports, which endow typical kinetic features and involve in different signatures of Tcurrents, respectively [12] . In view of the exploration of the thalamic reticular and relay neurons activities, increasing results point to Cav3.1 and Cav3.2 channels represent short burst firing and small conductance, while Cav3.3 leads to slower activation and inactivation [13, 14] .
The normal physiological activities of human beings need to be maintained through the action potential discharge of specific ion channels. Ion exchange is responsible for the level of intracellular Ca 2+ , carry out a series of electrical, chemical, and physical function [15] . Evidence demonstrates that CACNA1I mRNA is ubiquitously expressed in brain regions, and Cav3.3 channel provoked by small membrane depolarization can elicit spontaneous discharge. The channel encoded by CAC-NA1I plays a central role in the thalamic spindle generator [16] , alongside reduced sleep spindles associate with SCZ [17] . Abnormalities of sleep spindles and disturbances in thalamic neurons, are found in people with schizophrenia. It is noteworthy that the encode proteins has been reported can meet the druggable target of SCZ [18] . Moreover, T-type calcium channels have been shown to be a crucial cause of insomnia and neuropathic pain [19] . There is evidence that a single copy of Chr22:39665939G > A CACNA1I triggers calcium channel disorder and is associated with the pathogenesis of SCZ [20] . These profound findings have prompted us to open up promising research idea that CACNA1I might regulates signaling pathways in SCZ.
Uygur is one of the minority nationalities in China, and mainly distributes in Xinjiang Province. The region located in the northwest border area of China, and the hinterland of the Eurasian continent. As a part of the ancient Silk Road, the mutual migration between the countries, the typical diets, and the different lifestyles play the important role in shaping the genetic structure [21, 22] . The Uygur populations therefore are results of admixture of Han Chinese and Western Europe [23] , and also is the highlight of the current study.
To date, there have been no studies that CACNA1I SNPs association with SCZ in the Uygur Chinese population reported, so it is the first study which performed CACNA1I in the Uygur Chinese population. A total of nine SNPs were selected in CACNA1I, including eight tag SNPs which were examined to provide a good coverage of this region, and one positive SNP which identified from a genome-wide association study was selected [24] .
Methods

Subjects
In total, 985 unrelated patients with SCZ (612 males and 373 females), and 1218 control individuals (629 males and 589 females) were enrolled from Xinjiang Province. The mean age of SCZ cases was 39.45 years (±12.12), and normal controls was 43.07 years (±13.14). The data was illustrated as Table 1 .
All eligible subjects selected were the native population of Xinjiang province. Clinical diagnosis were carried out in strict accordance with DSM-IV criteria (Diagnostic and Statistical Manual of Mental Disorders, the fourth edition) based on SCID-I (Structured Clinical Interview for DSM-IV Axis I Disorders) by interviewed with two independent psychiatrists. The healthy controls were randomly selected from the general Uighur population. All participants signed informed consent. This study obtained the consent of the local ethnic ethics, and undertaken the support of its support.
Genomic assay
According to QuickGene DNA whole blood kit L (FUJI-FILM), genomic DNA was isolated from the peripheral blood of the subjects. Eight tag SNPs (rs132567, rs738168, rs713860, rs11705208, rs132575, rs136805, rs5757760, rs5750871) are obtained through Haploview software version 4.2, with pair-wise r 2 threshold ≥0.5 and minor allele frequency ≥ 0.05 [25] . Besides, we put a positive site of the previous research (rs9607658) into the experiment. The specific information of these 9 SNPs is listed in Table 2 , while, the nine SNPs in the relative position of CACNA1I gene is also shown in Fig. 1 . All samples were subjected to genotyping by the Sequenom MassARRAY matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry platform (Sequenom Inc., San Diego, CA).
Statistical analysis
Powerful SHEsis software provides a set of processing parameters for maximum benefit, including allele and genotype frequencies, Hardy-Weinberg equilibrium, association tests and haplotype analysis (http://shesisplus.bio-x.cn/ SHEsis.html) [26, 27] . This is a comprehensive platform for processing association study, and perform expectation maximization algorithm in haplotype reconstruction and frequency estimation. Allele and genotype frequencies refer to the percentage of allele and genotype in a population, and show the diversity and abundance of the gene in a population. FDR correction is a conservative method to explain multiple comparisons. All outputted tests were two-tailed, the P value standard of the statistical significance were set to be less than 0.05.
Results
Single site analysis
The genotype P values of the 9 SNPs in Hard-Weinberg equilibrium test (HWE) were all larger than 0.05 in both patients and healthy controls. So they all did not deviate from Hard-Weinberg equilibrium, and demonstrated the genetic properties of this sample population remained relatively stable. Call rates of all loci exceeded 99% in all samples. Detailed information is referenced in Table 3 .
In Table 4 , all the allele and genotype P values for the 9 SNPs in the patient samples and normal controls are shown. rs132575 and rs136805 were significant in both allele and genotype distributions [rs132575: adjusted P allele = 0.039, adjusted P genotype = 0.037; rs136805: adjusted P allele = 0.014, adjusted P genotype = 0.037]. In addition, rs713860, rs738168, rs5757760 and rs5750871 were significantly associated with SCZ in the allele distributions According to the gender of the subjects, the two sample sets were obtained separately. Detailed analysis results are illustrated in Tables 5 and 6 . For male samples, there are seven ninths of the genes significantly associated with SCZ. rs132575, rs136805, rs5757760 and rs5750871 showed association towards SCZ in both allele and genotype distributions, meanwhile, rs9607658, rs713860, rs738168 revealed stronger positive results in the allele distributions. Interestingly, there was no significant association between CACNA1I and SCZ in the female sample, all the P values of 9 SNPs were greater than 0.05.
Linkage disequilibrium
The pairwise linkage disequilibrium (LD) values among the all investigated SNPs were subjected to calculate in all subjects. A total of 4 haplotype blocks of CACNA1I (rs132575-rs713860, rs713860-rs738168, rs713860-rs11705 208, rs11705208-rs5750871) were identified when SNPs with D′ > 0.95 were classified in the same block, as presented in Fig. 2 . 2575-rs713860, which were significantly associated with SCZ, haplotype A-T proved to be a protective factor, and haplotype G-C showed it was risk factor. In the block rs713860-rs738168, haplotype C-C and T-A demonstrated protective factor and risk factor of SCZ, respectively (C- Table 7 .
Haplotype analysis
CFunction intron intron intron intron intron intron intron intron intron Polymorphism C/T A/G C/T C/T A/G C/T C/T C/T A/G
Discussion
SCZ is a genetically complex neuropsychiatric disorder, but the specific etiology of this disease is still vague. SCZ is highly heritable, and the genes that contribute to the disorder play an important role [28] . In this context, we have attempted to confirm an association of CACNA1I variants with SCZ. We discovered nine variation sites within the CACNA1I locus, as well as one previously studied by Aiden Corvin et al. [24] . This is first study which replicated genetic susceptibility of CACNA1I gene in the Uygur Chinese population. We found nominally association between several SNPs of CACNA1I and SCZ. There are four SNPs, rs713860, rs738168, rs5757760 and rs5750871 identified to be associated with SCZ in the allele distributions. In addition, both rs132575 and rs136805 were found to be significantly associated in allelic and [24] . However, rs9607658 did not confer susceptibility in the present study (adjusted P = 0.142, OR[95% CI] = 1.101[0.968-1.253]). This is likely to be caused by racial differences between Uygur and Ireland populations, and the existence of genetic heterogeneity can lead to such a result. A study on Uygur genetic characteristics suggest Uygur population from northern and southern Xinjiang Province share different proportions of ancestors from the European and Han population, so they are the results of admixture the anthropological features of the East and West [29, 30] . The minor allele frequency (MAF = T) in the Han Chinese population is 0.03, whereas in the Ireland population it is 0.54. The results of these two different populations are profound discrepancy, and Uighur population as mixture of the European and Han population also produce certain differences in MAF. Besides, the accuracy of the result is related to the sample size, and the small sample size in this study is used as a limitation for the significant analysis.
In addition, the result has been adopted segregation analysis of sex as a research strategy. We found that male had more susceptibility loci for SCZ, but all the SNPs were negative in the female group. This may be due to a difference in the prevalence and symptoms of psychiatric disorders from a gender standpoint. Previous literature also shows that the existence of significant gender differences in animal models of mental illness [31] . Compared with women SCZ patients, men with SCZ have a high rate of mortality (death, suicide) and earlier onset in the study of gender differences by MaoSheng Ran et al. [32] . For the present study, a total of 373 women in the patient sample, 589 women were recruited in the control group. Sample size is a critical factor in gender analysis, thus, there is a need for a larger sample to validate the association between gender and SCZ. Although these nine SNPs are located in the intron region of CACNA1I gene, and they are not directly involved in the biological functions and characteristics of T-type calcium channel, intronic variations may provide some auxiliary cis-acting elements for gene expression regulation, which plays a role in modifying gene transcription efficiency. The protein encoded by CAC-NA1I is widely expressed in the nucleus reticularis thalami, different splice variants can affect the normal discharge of neurons [33] . Besides, we evaluated the protein interaction of CACNA1I gene by the version [35] . Gene related to Ca 2+ signaling, such as CACNA1I that encode VGCC subunits is associated with schizophrenia and other psychiatric disorders [36] . Evidence suggested that this gene is significantly associated with psychiatric disorders such as autism spectrum disorders. rs5750860, located in CACNA1I, has been reported to be associated with autism spectrum disorders by using existing genome-wide association study (GWAS) data and imputation methods [37] . Previous study indicated CACNA1I plays a crucial role in spindle activity by participating in the synchronous oscillation of thalamic cortical neurons, and expected to serve as a novel treatment biomarker associated with impaired cognition for individuals with SCZ by treating spindle deficits [17] . The release of neurotransmitters involved in the pathological process of SCZ, and simultaneously there is the research indicated that the CACNA1I gene triggers synaptic plasticity in reticular thalamic neurons. Presynaptic neurotransmitter release and postsynaptic receptor signal transduction play an important role in the transmission of information in the brain [38] .
Conclusion
For this study, our efforts on mental illness represent a promising beginning. This is the first time that genetic factors of the CACNA1I gene have been verified to be associated with SCZ in the Uygur Chinese population. Obviously, CACNA1I plays a key role in the pathogenesis of SCZ. However, the present study remains a major bottleneck in the validation of larger samples, and a larger sample size could be better demonstrate the role of the CACNA1I gene in the etiology of schizophrenia. In addition, the Uighur Chinese population has been verified in the present study, and genetic association of other ethnic groups are suggested. Further functional studies of the CACNA1I gene are encouraged to conduct, especially in other ethnic groups. All the analysis will facilitate new therapeutic route for SCZ and may provide new insight into the pathogenesis of psychiatric illnesses. Availability of data and materials Not applicable.
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